We present the case of a patient with acute onset of headache who showed a flow-related acutely ruptured aneurysm on the feeding artery of an AVM in the angiogram. Rerupture of the aneurysm occurred during angiography after endovascular treatment with a Guglielmi detachable coil. The possible mechanisms leading to rupture of the aneurysm are discussed.
Introduction
The association of intracranial arterial aneurysm and arteriovenous malformation (AVM) has been reported to occur in approximately 10% of AVM cases 1-4. The aspects of pathophysiology in simultaneous occurrence of aneurysm and vascular malformations have been extensively studied and several theories have been proposed, mainly the elevated haemodynamic stress on vessel walls caused by the high flow of arteriovenous shunts 5-7. Recent advances in the understanding of the haemodynamic changes associated with AVMs has led to different treatment strategies. Whereas Cunha et Al 2 suggest that associated aneurysms should be treated whether they are symptomatic or not, Redekop et Al 3 and Kondziolka et Al4 suggest a more variable approach to the management of aneurysms associated with AVMs depending on location of the aneurysm. Endovascular approaches for intracranial aneurysms using detachable coils and embolisation of AVM have been confirmed as important adjunct treatment modalities 8-10. We present a case of a flow-related aneurysm on the feeding artery of an A VM which reruptured during angiography after endovascular treatment with a Guglielmi detachable coil. The possible cause of rupture and precautions to be taken are discussed.
Case report
A 46-year-old right-handed male presented with acute onset of what he called "the worst headache he ever had". He was immediately transferred to our institute. On admission he was found to be conscious and fully oriented, describing a bad headache with neck stiffness. The neurological exam did not reveal any focal neurological deficits.
A computed tomographic (CT) scan was performed, showing a grade II subarachnoid bleeding according to Fisher et Al 11 , with blood in all basal cisterns, in the left sylvian fissure, in the tentorial area and in the frontal interhemispheric space. Furthermore there were large calcifications on the right frontal side in the area of the trigonum olfactorium. The patient was given a central venous line and therapy with nimodipine and steroids was begun. The patient stayed clinically stable with a grade 1 subarachnoid haemorrhage according to Hunt & Hess 12, The same day a diagnostic digital subtraction angiography was performed. Digital subtraction angiography was performed on a biplane angio unit (Toshiba CAS 500, Tokyo). The angiography disclosed an arteriovenous malformation with nidal diameter of 2 cm (fig-ure lA) in the frontobasal area on the right side. There were two main feeding arteries, one arising from the A2 segment of the right anterior cerebral artery and the other originating from the inferior part of a small A2 aneurysm. The venous drainage was mainly directed towards the midline into the basal vein of Rosenthal and to a few ascending cortical veins. Three days later the patient was taken to the angio unit again: there was no change in AVM configuration but the feeding aneurysm seemed to be slightly bigger ( figure 1B) .
In joint discussion with the neurosurgeon it was agreed to perform a coiling of the aneurysm and then discuss further treatment. Selective angiography of the anterior cerebral artery now clearly demonstrated the feeding aneurysm with the main feeding branch of the AVM coming out on the lower part of the aneurysm. Because of the tortuosity of the vessel a fast tracker double tip 18 catheter had to be used, which could be navigated into the aneurysm with the help of a steam-shaped JB2 bend of the tip. A 2 mm (Helix) 18 GDC coil (length 6 cm) was inserted into the aneurysm. After coil placement a first control angiography was performed through the micro catheter, which did not visualize contrast opacification either of the aneurysm of the feeding artery arising from its fundus. The catheter was then withdrawn 5 mm away from the aneurysm neck into the anterior cerebral artery and tested for stable position with contrast injection under image control. A 3 ml syringe with pure contrast agent was now used to assess the aneurysm occlusion. Images were acquired at a rate of three images per second in each plane. The first image showed filling of the anterior cerebral artery and already on the second image a contrast rim around the coil was observed with subsequent rupture of the aneurysm visualised by contrast agent extravasation into the subarachnoid space ( figure 2) .
The patient developed a mild headache five minutes after the event but remained neurologically stable. Control images were done three minutes after the event through the guiding catheter showing occlusion of the aneurysm and no further aneurysm leakage (figure 4).
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The patient was transferred to the intensive care unit for observation and discharged the day after to the regular ward. He remained in a good general and neurological condition.
Discussion
Endovascular treatment of aneurysms associated with arteriovenous malformation is an important treatment modality by itself or prior R. Guzman to radiation therapy or surgical intervention. Several classifications have been proposed for aneurysms associated with AVM. Cunha et al. distinguished four categories: Type I with an aneurysm proximal on an ipsilateral major artery feeding the AVM, Type Il distal on the superficial artery feeding the AVM, Type III proximal or distal on a deep artery feeding the AVM and Type IV on an artery unrelated to the AVM 2.
In our case we found a Type I aneurysm which is the most frequent type, encountered in 61 % of the cases in the series of Cunha et Al with the feeding vessel arising from the aneurysm neck. The role of aneurysms associated with AVMs is still a point of debate 13.16 . It is nevertheless believed that a major risk factor for haemorrhage in patients with AVM are associated aneurysms 17 , moreover it has to be considered that the morbidity and mortality from aneurysmal bleeding is significantly higher than that for an AVM. Concern that abrupt elimination of an AVM would lead to increased intra-aneurysmal pressure and subsequent rupture, led some to recommend that these aneurysms should be treated prior to or simultaneously with the AVM 2. A more differentiated approach suggests that proximal aneurysms are not primary treatment targets with the expectations that elimination of the AVM may lead to regression of the related aneurysm 17 . Intranidal aneurysms should be primary targets of endovascular therapy, because of their increased risk of rebleeding 17 . However most practitioners would treat the symptomatic lesion (the one that bled) first. In our case with acute bleeding from the aneurysm it was decided to first treat the aneurysm with a GDC coil and in a second step perform an embolisation of the remaining feeders.
Two minutes following detachment of the GDC a first control angiography was performed before withdrawing the microcatheter from the neck of the aneurysm with the catheter tip placed in a confirmed stable position 5 mm proximal to the aneurysm neck. In the second image of this series at a rate of three images per second, extravasation of contrast agent was seen (figures 2 and 4). The overall incidence of rebleeding during angiography of previously ruptured aneurysm was reported at around 3% 18 . In a series of Debrun et AP in a population with acutely ruptured aneurysm, the mortality directly related to coiling procedure, with the GD coil perforating the aneurysm wall was 1.8% (lout of 55 patients). Aneurysmal rupture during angiography not resulting in morbidity or mortality occurred in two patients (3.6%), one with obvious perforation of the aneurysmal wall and the other without evidence of perforation.
In our case, rupture occurred after placement of the GD-coil without evidence for aneurysm wall perforation caused by mechanical manipulation. Injection of contrast agent proximal to the aneurysm neck did not lead to a significant increase in the intra-aneurysmal pressure. This is suggested since the anterior cerebral artery filled first due to protection by the coil inside the aneurysm, therefore allowing the contrast agent to escape. Sorimachi reports intra-aneurysmal systolic pressure increase of 5-23 mmHg during contrast agent injection. According to the law of Laplace the aneurysmal wall stress is proportional to the intra-aneurysmal pressure and hence increase in the latter can lead to aneurysmal wall rupture.
It is suggested, as seen on the angiography at higher magnification ( figure 3) , that the contrast agent jet was directed towards the upper pole and around the coil pushing the coil towards the neck, hence acting like a ventile mechanism and subsequently leading to a rise of intra-aneurysmal pressure and aneurysmal wall rupture. Therefore we believe that selective control angiography through the microcatheter can be dangerous even when the catheter tip is at some distance from the aneurysm neck.
